Background: Due to the lack of strong evidence to identify the relationship between antihypertensive drugs use and the risk of prostate cancer, it was needed to do a systematic review to go into the subject. Methods: We systematically searched PubMed, Web of Science and Embase to identify studies published, through May 2015. Two evaluators independently reviewed and selected articles involving the subject. We used the Newcastle-Ottawa Scale (NOS) to assess the quality of the studies. All extracted results to evaluate the relationship between antihypertensive drugs usage and prostate cancer risk were pool-analysed using Stata 12.0 software. Results: A total of 12 cohort and 9 case-control studies were ultimately included in our review. Most of the studies were evaluated to be of high quality. There was no significant relationship between angiotensin converting enzyme inhibitors (ACEI) usage and the risk of prostate cancer (RR 1.07, 95% CI 0.96-1.20), according to the total pool-analysed. Use of angiotensin receptor blocker (ARB) was not associated with the risk of prostate cancer (RR 1.09, 95% CI 0.97-1.21), while use of CCB may well increase prostate cancer risk based on the total pool-analysed (RR 1.08, 95% CI 1-1.16). Moreover, subgroup analysis suggested that use of CCB clearly increased prostate cancer risk (RR 1.10, 95% CI 1.04-1.16) in terms of case-control studies. There was also no significant relationship between use of diuretic (RR 1.09, 95% CI 0.95-1.25) or antiadrenergic agents (RR 1.22, 95% CI 0.76-1.96) and prostate cancer risk. Conclusions: There is no significant relationship between the use of antihypertensive drugs (ACEI, ARB, beta-blockers and diuretics) and prostate cancer risk, but CCB may well increase prostate cancer risk, according to existing observational studies.
Background
The prevalence of hypertension is consistently high in older adults and regarded as a vital risk factor for cardiovascular diseases, congestive heart failure, and coronary heart disease [1, 2] . Antihypertensive drugs including angiotensin-converting enzyme inhibitors (ACEI), angiotensin II receptor blockers (ARB), calcium-channel blockers (CCB), alpha-and beta-blockers and diuretics, were mainly used for the control of blood pressure in patients with hypertension to prevent relevant cardiovascular diseases [3] . Beneficial therapeutic effects of these drugs, on blood pressure control, have been well established in previous literature [4] .
However, antihypertensive drugs and cancer risk have long been raised as concerns [5] . It was first reported that Rauwolfia derivatives increased the risk of breast cancer [6] . After that, several classes of antihypertensive agents appeared to elevate cancer risk, but the relationship between antihypertensive drug usage and increased cancer risk could not be confirmed in numerous studies due to their short follow-up and the cancer risk from hypertension itself [7] . A retrospective cohort study showed that the use of ACE inhibitors has an association with a clearly decreased risk of overall cancer [8] . Meanwhile, a meta-analysis demonstrated that there was no association between the use of ACE inhibitors or angiotensin-receptor blockers and the overall risk of cancer [9] . A large-scale, population-based cohort study proposed that there was no substantial association between the use of calcium channel blockers (CCB) and the incidence rate of cancer or cancer mortality [10] . In a study by Hershel et al. study, there was small positive association between CCB usage and risk of cancer [11] .
The incidence of prostate cancer is increasing, and it is the main cause of cancer death in males in the Western countries [12] . Studies on the association between antihypertensive drug usage and prostate cancer risk remain controversial. In vitro studies, CCB enhanced apoptosis of prostate cancer cells and might have a protective effect on prostate cancer [13] . Debes et al. found that CCB significantly decreased the risk of prostate cancer, and their results varied by family history of prostate cancer [14] . However, some case-control studies did not find the this relationship [15] . For instance, a study with 1,165,781 patients did not support the association between the long-term use of CCB and prostate cancer risk [16] . Some case-control studies showed significantly increased risk between ACE inhibitor usage and prostate cancer [15, 17] , while a previous metaanalysis showed that ACE inhibitors or angiotensinreceptor blockers did not affect the occurrence of cancer [18] . In a study by Perron et al., beta-blockers were associated with a reduction in prostate cancer risk, while another study by Kemppainen et al. tended to show an increased risk of prostate cancer in patients treated by beta-blockers [15, 19] . One study reported the relationship between alpha-blockers or diuretic usage and prostate cancer risk and their results were also controversial [20] .
Due to there being the long-term follow-up in the observational studies, we performed a systematic review of observational studies to confirm whether the use of antihypertensive drugs was able to result in the prostate cancer in the human body.
Methods
Our review was conducted in accordance with PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) and MOOSE (Meta-Analysis of Observational Studies in Epidemiology) guidelines.
Eligibility criteria
Studies were included if they met the following points: (1) Studies were cohort or case-control studies; and (2) the relationship between the use of one or more types of antihypertensive drugs and prostate cancer was reported in the study.
Search strategy
We systematically searched PubMed, Web of Science and Embase to identify studies published through May 2015. The search terms were composed of the following: "beta blockers", "angiotensin converting enzyme inhibitors", "angiotensin receptor blockers", "calcium channel blockers" "alpha blockers" "antihypertensive drugs" and "prostate cancer". The details of the search methods are summarized in the Additional file 1. We also screened the bibliographies of relevant articles to find additional articles that met the included standard. A language limitation was not set during the search process. We did not consider animal studies when we reviewed the records.
Study selection and data extraction
Two authors independently evaluated the studies retrieved from the databases to select the studies that met the inclusion criteria. Disagreements between the two reviewers were resolved by discussion or in consultation with an arbitrator. The following information was extracted from the included articles by the two authors independently: study design, geographic region, type of medication, sex, age range, follow-up time, adjusted factors in each study (Table1). The RR (relative risk), HR (hazard ratio), OR (odds ratio), SIR (standardized incidence ratio) along with their corresponding 95%CI (confidence interval), all of which indicated the relationship between antihypertensive drugs and prostate cancer were abstracted. If there was missing information in the article, we contacted the authors via e-mail or telephone. We used data from a 2 × 2 table to recalculate crude estimates when the outcome measures were unsuitable for meta-analysis and we failed to gain the data from the authors.
Methodological quality assessment
The quality of the observational studies was independently evaluated by two authors based on the Newcastle-Ottawa Assessment Scale(NOS) on the website (http://www.ohri.ca/ programs/clinical_epidemiology/oxford.asp). The scale provided eight items consisting of three subscales: selection of subjects (four items), comparability of subjects (one item) and assessment of outcome/exposure (three items). The highest scores were nine for the eight items because there were two scores in the comparability of subjects. A study with greater than or equal to seven scores was considered to be of high methodological quality.
Data synthesis and analysis
Extracted RRs, HRs, ORs and SIRs and their 95% CIs that were adjusted for most confounders were pooled to compute the RR between antihypertensive drugs and prostate cancer risk [21] . The four measures of association above were expected to yield similar estimates of RR, due to the incidence of prostate cancer being generally low [22] . For a single study that reported more than one type of cancer, only the data on the risk between prostate cancer and antihypertensive drugs were extracted and then pooled. If there were studies involving multi-drug treatment and we were not familiar with the data that reported which specific drug was associated with the incidence of prostate cancer in these studies, the data of the study would not be extracted to conduct a meta-analysis. In the included studies, the data that reported the risk between a single antihypertensive drugs and the occurrence of prostate cancer will be pooled for analysis based on the single drug category respectively. The meta-analysis was performed with Stata 12.0. Since the clinical and methodological heterogeneity were known, we used a randomeffects model to calculate pooled RRs and their 95%CIs. Subgroup analyses were performed according to whether they corresponded to case-control or cohort studies. Between-study heterogeneity was assessed by using Cochran's Q statistic (significance level at p < 0.1) and by estimating I 2 . If I 2 was more than 40%, there was significant heterogeneity among studies [23] .
Results

Characteristic of included studies
Our search strategy yielded 729 records, A total of 193 and 491 records were excluded due to duplicated records and irrelevant subjects respectively. A total of 45 full-text articles were assessed and 21 studies that met our criteria were ultimately included (Fig. 1) . These studies included 12 cohort studies [10, 20, [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] , 4 nested case-control studies [11, 16, 34, 35] and 5 case-control studies [15, 17, 19, 36, 37] . The follow-up time in most cohort studies was more than 5 years. There were 11 studies that involved males only [10, 15, 19, 20, 24, 26, 28, 31, 35, 36, 38] . It was reported that the main outcomes of the included studies were adjusted for most of the confounding factors, and this information was missing in two studies (Tables 1  and 2 ) [10, 32] .
Quality of included studies
The results of the quality assessment for the included studies are summarized in Tables 3 and 4 . Quality scores for cohort studies ranged between 5 and 9, and those for case-control studies ranged between 7 and 9. Five studies showed that their outcomes of interest were not present at the start of the study. Thirteen studies gained two scores in the section of comparability due to their well the control of confounding factors [15, 17, 24-27, 31, 33, 34-37, 39] . There was only one study whose ascertainment of exposure was deruved from self-report [26] . The duration of follow-up in two studies was less than 5 years [10, 32] . The nonresponse rate was low in the included cohort studies but the scores for this item were lacking in the casecontrol studies.
ACEI and prostate cancer risk
There were ten studies that reported the relationship between the use of ACE inhibitors and the risk of prostate cancer [15-17, 19, 26, 30, 31, 35-37] . We found no significant association between ACE inhibitor usage and the risk of prostate cancer in the meta-analysis of the ten studies (RR1.07, 95% CI0.96-1.20). However, obvious clear heterogeneity existed among these studies (I 2 = 86%). Subgroup analysis also showed no significant relationship between the use of ACE inhibitor and the risk of prostate cancer according to the poolanalysis of cohort studies (RR0.92, 95% CI0.77-1.11) and case-control studies (RR1.11, 95% CI0.98-1.26) (Fig. 2) .
ARB and prostate cancer risk
Five studies reported the association between ARB usage and the risk of prostate cancer [15-17, 24, 25] . There was no significant relationship between ARB usage and the risk of prostate cancer according to the pool-analysis of all studies (RR1.09, 95% CI0.97-1.21). Subgroup analysis also suggested no significant connection between the use of ARB and the risk of prostate cancer according to the pooled-analysis of cohort studies (RR1.00, 95% CI0.83-1.20) and case-control studies (RR1.16, 95% CI0.98-1.38). However, heterogeneity among these studies was high (I 2 = 83.7%) (Fig. 3) . 
CCB and prostate cancer risk
A total of 14 studies reported the connection between CCB usage and the risk of prostate cancer [10, 11, 15, 16, 19, 26, [31] [32] [33] [34] [35] [36] [37] [38] . There appeared to be a significant association between CCB usage and the risk of prostate cancer, according to the meta-analysis of all studies (RR1.08, 95% CI1.00-1.16). There was considerable heterogeneity existing among these studies (I 2 = 57.4%). Subgroup analysis also indicated that without significant relationship between CCB usage and the risk of prostate cancer in terms of cohort studies (RR0.93, 95% CI0.71-1.21) but there was clear association between the use of CCB and the risk of prostate cancer according to the pool-analysis of case-control studies (RR1.10, 95% CI1.04-1.16) (Fig. 4) .
Beta-blockers and prostate cancer risk
There were 8 studies involving the subject of the relationship between beta-blocker usage and the risk of prostate cancer [15, 19, 26, 31, [34] [35] [36] [37] . The metaanalysis of all studies suggested that there was no significant association between beta-blocker usage and the risk of prostate cancer (RR0.91, 95% CI0.81-1.02). We also did not find a significant connection between beta-blocker usage and the risk of prostate cancer, according to the pooled analysis of cohort (RR0.85, 95% CI0.69-1.04) or case-control studies (RR0.92, 95% CI0.81-1.05). There was significant heterogeneity existing among these studies (I 2 = 70.1%) (Fig. 5) .
Diuretics or antiadrenergic drugs and prostate risk
There were 5 and 4 studies involving the association between the use of diuretics [15, 31, 36, 35] and antiadrenergic drugs [15, 16, 28, 31, 35] (Fig. 6 ).
Discussion
To the best of our knowledge, this is first meta-analysis to investigate the relationship between the use of antihypertensive drugs and the risk of prostate cancer. Our main findings suggested that there was no significant association between the use of ACE inhibitors, ARB, betablockers, diuretics or antiadrenergic drugs and the risk of prostate cancer. However, CCB usage appeared to be associated with the risk of prostate cancer. Moreover, that considerable heterogeneity existed among the studies resulted in the reduction of evidence levels. Prostate cancer is the most frequently diagnosed cancer diagnosed and the main causes of cancer death in older men in Western countries. Antihypertensive drugs such as ACE inhibitors and ARB are widely used for the management of hypertension and the prevention of cardiovascular disease events in high-risk persons [4, 40, 41] . Patients usually have long-term use of two or more different types of antihypertensive drugs to control their blood pressure [42] . The long-term ingestion of antihypertensive drugs can lead to adverse effects in patients, such as hypercholesterolemia, diabetes mellitus, chronic renal disease, and other cardiovascular diseases [43] . In addition, discussion of the connection between the use of antihypertensive drugs and the risk of cancer has consistently been a hot topic since the first relevant study was raised. We know that the older men are exposed to the condition of frequent use of antihypertensive drugs, and there is a high incidence of prostate cancer in this population [12, 44] .
The topic of the relationship between the use of antihypertensive drugs and the risk of prostate cancer remain controversial, especially in the use of CCB and ACE inhibitors or ARB. The findings of a case-control study by Vezina, RM et al. suggested that there was no association between the use of CCB and the risk of prostate cancer in men younger than the age of 70 [36] . Debes, JD et al. found that there was an inverse association between prostate cancer and the use of CCB, and the result varied according to a family history of prostate cancer [14] . Loughlin KR reviewed relevant literature and thought that CCB had a protective effect on the development of prostate cancer on a basic science level, although the association in clinical practice has been controversial [45] .
ACEI and ARB have been successfully used as potent antihypertensive drugs for a long period of time, and some literatures have suggested that these drugs could serve as new anticancer drugs [46] . The increased expression of AngII type 1 receptor (AT1R) mRNA was found in prostate cancer tissues compared with expression levels in the normal human prostate [47] . According to the data from basic science, ACE inhibitors or ARB might have a protective role in cancer [48] . A meta-analysis of randomized controlled trials (RCT) suggested that ARB are associated with an increased risk of new cancer diagnoses, while another meta-analysis of observational studies did not find significant associations between the use of ACE inhibitors or ARB and the risk of cancer, noting that the previous meta-analysis of RCT had a short duration of follow-up [9, 18] . In a case-control study, Hallas J et al. found significantly elevated OR for prostate cancer (OR 1.28, 95% CI 1.18, 1.39) in the patients using ACE inhibitors [17] . A cohort study by Rodriguez, C et al. indicated that there was no significant relationship between the use of ACE inhibitors and the risk of prostate cancer [26] . A meta-analysis suggested that the use of BB was associated with reduced specific mortality among patients with prostate cancer [49] . However, the relationship between BB usage and the risk of prostate cancer lacks consistent evidence. Perron, L et al. found that the long-term use of BB might prevent prostate cancer (OR 0.79, 95% CI 0.66, 0.96) [19] . However, Kemppainen, KJ et al. found that beta-blockers were associated with a marginally elevated risk of prostate cancer (OR 1.05, 95% CI 1.00,1.09) [15] .
Fewer studies have paid attention to the relationship between the use of diuretics or antiadrenergic drugs and prostate risk compared with other types of antihypertensive drugs and their use also had different results [15, 20] .
The present systematic review and meta-analysis provided a summary analysis of previous relevant studies which could yield a conclusion characterized by compromise. According to the pooled analyses of cohort studies, we generally did not find significant associations between the use of antihypertensive drugs and the risk of prostate cancer. Nevertheless, CCB usage might contribute to the higher risk of prostate cancer, based on findings from the case-control studies. Moreover, antiadrenergic drugs had a protective effect on the development of prostate cancer, according to the meta-analysis of two cohort studies. As we know, there was longer duration of follow-up in observational studies and we only reviewed these studies to explore whether the longterm use of antihypertensive drugs affected the incidence of prostate cancer in natural population. In the present review, most of the studies had a follow-up time of at least five years, and we had a larger sample to analyse than any previous studies. The main confounding factors, such as age, BMI, and race were adjusted for in most of the studies. Although we included studies with samples containing females, the relative risk was calculated under an adjustment for sex. Moreover, most of the studies were assessed with a high quality of methodology. As a result, our pooled analyses provided a conclusion that was more closer to the truth.
Our studies also had some limitations. First, our evidence grade was compromised by the considerable heterogeneity, which might be caused by various factors, including study design, race, follow-up time, social background. Second, small sample were analysed on the association between diuretics or antiadrenergic drugs and prostate risk, and the results should be cautiously considered. Third, we did not detect the publication bias, although it might exist among these studies. Finally, we did not conduct a dose-response meta-analysis due to the lack of relevant data in the included studies.
Conclusions
We reviewed 21 observational studies and found that there was no significant association between use of antihypertensive drugs and the risk of prostate cancer. Nevertheless, CCB usage might contribute to the higher risk of prostate cancer based on findings from the casecontrol studies. Unfortunately, the high heterogeneity downgraded the evidence level and more well-designed studies with large samples are needed. 
